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AN EMPIRICAL AVOIDANCE GRADIENT 
Dale Nielsen  
Montana State University
Lewin (1935) was one of the f i r s t  psychologists to emphasize 
co n flic t  as a source o f frustration,, A co n flic t  situation  arises  
any time that a choice must he made between two approximately equal 
motives both o f which can not be sa t is f ie d  at the same time. In 
order to reduce the tension of some physical, so c ia l, or psychological 
need, an individual may be motivated either to move toward a particular
i
goal or away from i t .  Lewin recognizes three types of co n flic t (Lewin, 
1935)% (1) con flic tin g  attraction—-where there are two equally
a ttractive goals one o f which must be sacrificed  i f  the other i s  to be 
attainedj (2) a t traction-repulsion—wherethe individual i s  directed  
both to approach and to avoid the same goal| and (3) con flictin g  
avoidance—-where one negative goal must be accepted in  order to avoid 
another. Hovland and Sears (1938) c r it ic iz e d  Lewin’s over-sim plifica­
tion  of the phenomenon and added a fourth typeg (li) double approach- 
avoidance—where both goals have both p ositive  and negative aspects.
Neither Lewin nor Hovland and Sears supported th e ir  theoretica l 
position s with experimental evidence* Since 1937 the task of obtaining 
experimental support has been accepted by M iller and h is co-workers. 
M iller (19UU) summarized the early work in  th is area and presented the 
foundations for a theory of co n flic t  behavior. M iller (1959) recently  
summarized experimental data in  the case o f appro a eh-avoidanc e c o n flic t
1
2
in  support of a re la tiv e ly  complete theory of approach-avoidance behavior# 
Many o f the characteristics 'of the other types of c o n flic t  also can be 
explained in  terms of the more complete theory.
M iller 's (1959) theory has value because o f i t s  attempt to t ie  the 
Freudian concept of displacement (M iller and Murray, 1952j Murray and 
Berkun, 1955J M iller and Kraeling, 1952j Murray and M iller, 1952) as w ell 
as other phenomena observed in  psychotherapy (Dollard and M iller, 1950| 
M iller, 1914*) to controlled antecedent conditions. In addition, H ull's  
goal gradient (1932) , the concept o f stimulus generalization, the question 
of behavior in  space and possib ly  also in  time, and many other problems 
o f behavior theory can be included within M iller's theory. Sociological 
and physiological variables may be included within M iller's system in  the 
future (M iller, 1959)*
The present study i s  concerned sp e c if ic a lly  with one aspect of 
M iller 's (1959) theoryj the basic postulates follows
(A) The tendency to approach a g o a l,is  stronger the nearer the subject i s
*
to it*
(B) The tendency to avoid a feared stimulus i s  stronger the nearer the 
subject i s  to i t . .
(C) The strength of avoidance increases more rapidly with nearness than 
does that o f approach.
(D) The strength o f tendencies to approach or avoid varies d irectly  with 
the strength of the drive upon which they are based.
(E) Below the asymptote of learning, increasing the number o f reinforced  
t r ia ls  w il l  increase the strength of the response tendency that i s  
reinforced.
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(F) "When two incompatible responses are in  c o n flic t , the stronger one 
w il l  ©eeur.
Postulate (C) was la te r  replaced by the following postulates;
(G) In the co n flic t  situ ation  (anticipatory to shock) fear i s  a learned 
drive e lic ite d  primarily by situation al cues but hunger i s  more dependent 
on internal physiological factors®
(H) The strength of learned drives, l ik e  that o f other learned responses, 
varies inversely with distance from the point o f  reinforcement®
Deductions from a l l  o f these postulates have experimental support® 
Bugelski and H iller  (1938) confirmed a deduction from postulate (B) with 
the dependent variable being starting speed® Brown (19U8) confirmed 
deductions from postulates (A,B,C,D) with the dependent variable being 
stren gth -of-pu ll» An unpublished study by M iller, Brown, and Lewis, as 
w ell as a study by Kaufman and M iller (191*9), confirmed further deductions 
from these postulates concerning strength of drive, number of reinforced  
t r ia ls ,  and re la tive  strength of respionse tendencies®
Characteristic of the studies which have been c ited  to support the 
deductions from M iller 's theory i s  the use o f only two te s t  points® The 
empirical slopes o f approach and avoidance gradients where l e f t  in  doubt® 
Smith (I960) attempted to estab lish  an empirical approach gradient, but 
encountered d if f ic u lt ie s  with the strains of animals used® The present 
study uses f iv e  t e s t  points to obtain information concerning;
(I) the e ffe c t  o f strength o f shock upon the height o f an avoidance 
gradient®
(2) the e ffe c t  of strength o f shock upon the slope o f an avoidance 
gradient®
h
Two sp ec ific  deductions from M iller 's  theory follows
(1) The strength of the avoidance response i s  a decreasing function of 
the distance from the goal (from postulate B).
(2) The avoidance gradient for the sirong-avoidance group i s  higher than 
the avoidance gradient for the weak-avoidance group (from postulate D).
In order to re la te  the terms of M iller 's  theory to the sp ec ific  
experimental conditions found in  the present study/ the following 
"partial defin itions"  are l is te d  (using M iller 's 1959 id en tifica tio n  
system) %
a* Wearness can be measured by sp atia l distance in  the experimental a lle y , 
b« The animals running to food are being trained to approach under the 
motivation o f hunger,
Co Animals running away from e le c tr ic  shock are being trained to avoid 
under the motivation o f feare 
do Each t r ia l  on which the animals receive e le c tr ic  shock i s  a reinforced  
t r ia l  for  avoidance, 
e . Greater strengths of e le c tr ic  shock,, within the lim its  used,, produce 
greater strengths of fear drive• 
f* Within the lim its  o f the animal's capacity to pull* the strength o f the 
response tendency i s  p o s itiv e ly  related to the strength of pu ll exerted 
by an animal temporarily restrained*
One additional p artia l d efin ition  i s  necessary for the present study? 
go Strength-of-pull. can be measured eith er by the maximum p u ll during the 
restra in t period or by the average p u ll during the restra in t period.
PROCEDURE
Subjects« T hirty-five albino rats approximately nine months old  
at the start o f the study. F ifteen  of these animals were placed in  the 
weak-avoidanee group (B^) and f if te e n  in  the strong-avoidance group 
(Bg). These two groups d iffered only in  the le v e l o f e le c tr ic  shock 
used. Two animals were eliminated from the study a fter  being used in  a 
small p i lo t  study0 Three were eliminated for fa ilu re  to meet the tra in ­
ing c r ite r ia .
Apparatus. A modified Brown (lplj.8) apparatus was employed (See 
Fig. 1 ) .
Insert Figure 1 about here
This structure consisted of a runway, painted f la t  black, 200 cm. long,
12 cm. wide, and 10 cm. deep (insid e measurements). The cover was hardware 
clo th , and the sides were 3/8" plywood. The bottom was formed by a grid  
of brass rods at in tervals of 1 cm. except for the 30-cm. section farthest  
away from the goal which was plywood. An endless loop o f cord ( f ish  lin e )  
passing through s lo ts  in  the ends of the a lley  and running 2.5 cm, below 
the cover passed around two pulleys located on the outside of the runway 
at each end of the a lle y . The animal was attached to the cord by means 
o f a harness of cotton cloth  placed around i t s  thorax in  front of the 
forelegs and around the neck. The harness was attached to a swivel hook 
connected to the belto In order to obtain a quantitative measure o f  
strength~of“p u ll, f iv e  small lead beads were attached to the cord. The 
cord passed through a simple catch device which activated a sty lus with a 
calibrated springo The sty lus recorded on waxed paper the strength-of-
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pu ll o f the animal. The waxed paper moved at a constant rate on a 
Gorrell and Gorrell kymograph t.monodrum.
The ligh tin g  consisted of a 30-watt lamp suspended about 15> cm. 
d irectly  above the non-goal end of the a lle y  and another lamp by the 
monodrum. A stop-watch was used to time the duration of the restra in t.
The shock was regulated by a voltmeter from a regular A-C power source 
and was administered through the grid floor  with the animal completing 
the c ir c u it . A waiting box sim ilar in  construction to the a lle y , 1% cm. 
by 12 cm. by 10 cm., was used to house Ss between the training tr ia ls  and 
also the testin g  t r ia ls .
■Training. An eleven-day training period, e sse n tia lly  the same as 
that used by Brown (19i;8), was followed in  order to fa c i l ita te  the se t­
ting  up of the avoidance response. Because o f the time required for  
train ing, one-half o f Ss in  each experimental group started the training  
schedule one day la te r  than the ether h a lf . On the f i r s t  day of train ing, 
the food in  the home cages was removed and the animals were deprived of 
food for a U6-hour period which included the second training day. On the 
third day, a fter  Ss had been without food for approximately ij.6 h r s ., they 
were fed in  th eir  home cages while E occasionally handled them. The food, 
Purina laboratory chow and water, was the same as that used for the train­
ing tr ia ls  in  the a lle y . After 2 hrs. a l l  food was removed and Ss were 
again deprived of food for I46 hrs. On the f i f th  day the procedure of the 
third day was repeated.
On the seventh day instead of being fed in  th eir  home cages, Ss 
were placed one at a time in  the a lley  near food and allowed to explore 
the entire a lle y . A rubber-band harness was worn by Ss during the tra in -  
t r ia ls  in  the apparatus, but was not connected to the cordo Following
?
the preliminary t r ia ls ,  Ss were given a ser ies of ten or le s s  rewarded 
tr ia ls  a t an in terval o f about 5 min, u n til a criter ion  of two successive  
t r ia ls  in  9 see , or le s s  had been met# The reward was approximately 
0,£ ee® of mash# Following th is  training s e r ie s , Ss were fed for 1 hr, 
in  th e ir  home cages before food was once again removed for 1*6 hrs.
On the ninth day the same procedure was followed except that no 
more than s ix  tr ia ls  were run and the cr iter ion  was 6 sec, or less*
Three Ss were eliminated because of fa ilu re  to meet the c r ite r ia .
On the eleventh training day Ss were given two additional training  
t r ia ls  under 1*6 hrs0 deprivation o f  food. They were then fed u n til  
satiatedj u n til they would no longer eat the small amounts of food placed 
before them. A ll food was then removed from the home cages. One hour 
la te r  Ss were to be tested , but because ©f equipment fa ilu re  testin g  had 
to be delayed. During th is  delay Ss were kept fam iliar with the apparatus 
by several approach training t r ia ls  on alternate days sometimes under 1*6 
hrs, food deprivation and sometimes only 1 hr, Kaufman and M iller (19l*9) 
suggest that an increase in  number of training tr ia ls  may increase the 
resistance to shock, Karsh (1962) suggests the opposite. Also during 
th is  delay period the. rubber-band harness worn by Ss during training was 
replaced by a more e ffe c t iv e  cloth  harness for  the actual te s tin g .
Testing. On the day of te s tin g , the weak“avoidance Ss, deprived 
of food for about 1 h r ,, were given a shock o f 30 v o lts  through the grid 
f loor  ju st as they were about to take food from the food tray in  the goal 
end o f the runway. Subjects were then immediately removed from the run- 
way and placed in  the waiting box. One minute la te r  were placed in  the
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runway before the food tray and again the 30-v o lt  shock was administered 
through the grid floor# Subjects were again immediately removed and 
placed in  the waiting box# One minute la te r  Ss were attached to the 
continuous b e lt  by means o f the cloth  harness and the swivel hook and 
were placed before the food tray where Ss had previously received shock#
A second E started the kymograph and stopped Ss at a previously deter­
mined te s t  point for 5 see. by using the catch device described above.
The catch device was released and Ss were permitted to continue to the 
end o f the a lle y  farthest from the point o f shock where they were 
removed and placed in  the waiting box# N© shock was administered during 
the t e s t  t r ia ls .  One additional shock was given between the third and 
fourth te s t  t r ia ls  in  the same manner and place reported above# With two 
animals dropped from the study at th is  poin t, i t  was found that a single  
shock was not su ffic ien t to se t  up an avoidance response that would 
continue through f iv e  restra in t periods even for the strong-avoidance 
animals. In addition* i t  was found that i t  would be impractical to have 
a shock t r ia l  before each te s t  tr ia l#
The strong-avoidance Ss followed the same procedure except that 
they were given shocks o f .70 volts#  Five t e s t  points* (Aq) 30 cm.,
(Ag) 65 cm.* (A3) 100 cm.* (A^) 1.35 cm,, and (A^) 170 cm. from the shock 
were used for both groups# Although each possible order o f testin g  was 
not used because of the small number of Ss employed, each te s t  point 
(A3^ )  was a t each p osition  in  the testin g  sequence ( f i r s t ,  second, th ird , 
fourth, and f i f th )  three times for each experimental group. The predeter­
mined sequences were randomly assigned to e ith er the strong-avoidance
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group or the weak-avoidance group. The groups were run a lternately  
( see appendix).
RESULTS
The technique described by Brown (19U8) was used for data analysis. 
The technique involves measuring planim etrieally the area under the curve 
made on the kymograph drum by the strength-of-pull marker. The average 
height o f each curve was calculated by dividing i t s  area by the distance 
the wax paper traveled during the see* that S was held, a standard 10 mm. 
The average height was converted into mean pull-in-grams by multiplying by 
the constant 30, the gram weight necessary to move the calibrated spring 
1 mm. The maximum-pull-in-grams was also determined for each animal by 
observing the highest point on each curve and multiplying th is  value by the 
constant 30. Brown reported only the average pull-in-grams and indicated  
that i t  i s  a more reliab le  measure*
Figure 2 shows the mean average-pu 11-in-grams for both the weak- 
avoidance group and the strong-avoidance group. Visual inspection of the 
figure shows the strong-avoidance group consistently higher in  pu'l 1 -  in-gram s
Insert Figure 2 about here
than the weak-avoidance group. Both curves have negative slopes.
Figure 3 shows the mean maximum-pull-in-grams for the two groups.
Insert Figure 3 about here
Once again the strong-avoidance group i s  con sisten tly  higher in  p u ll- in -  
grams, Both curves have s lig h t  p ositive  slopes before becoming negative.
1©
Figures U and 5 show the curves which resu lt from p lotting  medians 
rather than means as in  figures 2 and 3*
Insert Figures Ij. and 5 about here
An analysis o f variance (Type 1 , m ixed-factorial, Lindquist, 1953) 
was performed on the:dataf Table 1 shows the r e su lts« Because very few 
animals pulled at a l l  a t the two most d istan t points (135 cm. and 170 cm.)
Insert Table 1 about here
an analysis o f variance was also performed considering only the f i r s t  three 
t e s t  points (see Table 2 ).
Insert Table 2 about here
The Friedman Two-way Analysis of Variance by Ranks (S iege l, 1956) 
was used to evaluate the A -effect ( te s t  points) for both average-pull-in- 
grams and maximum-pull-in-grams (see  Table 3 ).
Insert Table 3 about here
The median te s t  (S ieg e l, 1956) and the more powerful Mann-Whitney 
U -test (S iegel, 1956) were used to evaluate the B -effect ( le v e l o f shock) 
for both average-pull-in-grams and maximum-pull-in-grams (see Table It)-*
Insert Table k about here
The Friedman te s t  was also  used to ascertain any sign ifican t adapta­
tion  e ffe e t  due to Ss being restrained f iv e  times in  the experimental
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Figures k and 5 show the curves which r esu lt  from p lotting  medians 
rather than means as in  figures 2 and 3«
Insert Figures 1* and 5 about here
An analysis o f variance (Type 1;, m ixed-factorial, Lindquist, 1953) 
was performed on the data| Table 1 'shows the results.. Because very few 
animals pulled at a l l  at the two most d istant points (135 cm. and 170 cm.)
Insert Table 1 about here
an analysis of variance was also performed considering only the f i r s t  three 
t e s t  points (see Table 2 ).
Insert Table 2 about here
The Friedman Two-way Analysis o f Variance by Ranks (S iegel, 1956) 
was used to evaluate the A -effect ( te s t  points) for both average-pull-in- 
grams and maximum-pull-in-grams (see Table 3)*
Insert Table 3 about here
The median te s t  (S ieg e l, 1956) and the more powerful Mann-Whitney 
U -test (S iege l, 1956) were used to evaluate the B -effect ( le v e l of shock) 
for both average-pull-in-grams and maximum-pull-in-grams (see Table
Insert Table h about here
The Friedman te s t  was also used to ascertain any sign ifican t adapta­
tion  e ffe c t  due to Ss being restrained f iv e  times in  the experimental
11
runway (see Table 5)
Insert Table $ about here 
DISCUSSION
By visual observation of Figures 2 and 3 i t  can be seen that the 
avoidanee gradients for  both the weak-shock group and the strong-shook group 
are negatively accelerated when plotted  in  terms o f average-pull-in-grams« 
The curves p lotted  in  terms of maximum-pull-in-grams are both s lig h t ly  
p ositive  before becoming negatively accelerated as are the curves formed 
by p lo ttin g  the medians* M iller (1.959, pp„ 208) considered the slope of  
the approach and avoidanee gradients quite important to h is  theory even 
though he always drew them as stra ight lin es  for conveniences flbh@ same, 
deductions would follow  from any types o f curves that have a negative slope 
throughout that i s  steeper for avoidanee than approach at each value on the 
abscissa*11 Although the present study gives no evidence o f the re la tion ­
ship of the avoidance gradient to the approach gradient, i t  does indicate . 
that a t le a s t  some systems o f measuring the avoidance gradients do produce 
negatively accelerated gradients# Perhaps the s lig h t  p ositive  slope for  
the maximam-pull-ln-grams i s  due to  the maximum-pull-in-grams being affected  
much more by the momentum of the animal before he i s  restrained than i s  the 
average-pull-in-grams» Even though extreme scores may have unduly in f lu ­
enced the value o f the means, i t  was believed that median values would not 
give more re liab le  measures o f central tendency in  the present study# With 
a l l  four analysis o f variance showing £ < # 001, there i s  l i t t l e  doubt that 
the Ss pulled harder at the near t e s t  points than they did at the far te s t
12
points* M iller 's  postulate (B) thus receives support from the f i r s t  
sp ec ific  deduction tested  in  the present study.
Friedman's nonparametric analysis o f variance gave sim ilar resu lts  
as when the conservative interpretation of the parametric s ta t is t ic s  
suggested by Lindquist (1953) was used. Because there i s  some doubt that 
the assumptions of homogeniety of variance and normality were met in  the 
present study* the parametric values were interpreted conservatively. An 
F value usually  interpreted as being s ig n ifica n t at the *001 le v e l was 
considered sign ifican t at the .01 level*
Using the parametric technique* the le v e l of shock had a sign ifican t  
e ffe e t  (j> < » 01) for the average-pull-in-grams for both three and f iv e  t e s t  
points* For the maximum-pull-in-grams * the e ffe c t  was not s ig n ifica n t at 
the .©5 level, for either three or f iv e  te s t  p o in ts. The nonparametric 
s t a t is t ic s  gave sim ilar results® The second deduction and postulate (D) 
are thus supported in  part.
No sp ec ific  deduction can be made about the e ffe c t  of the lev e l o f  
shock upon the slope of the avoidance gradient from M iller 's theory. The 
empirical e f fe c t  of strength of shock depended upon the response measure. 
With the average-pull-in-grams tested  at a l l  f iv e  te s t  points* the strength 
of shock had an e ffe c t  on the slope s ig n ifica n t at the .01 lev e lj at three 
te s t  points* the effect.w as not s ig n ifica n t a t £^,.©5. The resu lts  from 
the Mann-Whitney U -test and the Median te s t  indicate that the e ffe c t  o f the 
le v e l o f shock found for the average-pull-in-grams was s ig n ifica n t only at 
the f i r s t  two t e s t  po in ts. The slope of the avoidance gradient was steeper  
for the strong-shock group than for the weak-shock group. With the maximum- 
pull-in-grams the strength of shock had no s ig n ifica n t e f fe c t  upon the slope
o f the gradient. In order to obtain more information on the e f fe c t  o f  
strength o f  shock upon the slope o f  an avoidanee gradient, more le v e ls  
o f shock should be tested*
The value o f the present study probably l i e s  more in  the estab lish ­
ment o f a technique for  determining an empirical avoidance gradient than 
i t  does in  the particular values found. The technique of presenting two 
shock t r ia ls  prior to aiiy testin g  t r ia ls  and also the third and fourth 
t r ia ls  was or ig in a lly  based on the p i lo t  work with only two Ss. This 
technique in  i t s e l f  should be studied system atically as i t  appears to pro­
vide a workable method.of increasing response strength su ff ic ie n tly  to 
enable the Ss to be restrained a t le a s t  f iv e  tim es. The Friedman analysis 
of variance ind icates that only, with low amounts of shock i s  there a s ig n i­
fica n t adaptation e f fe c t .  I t  i s  known that much o f human avoidanee 
behavior i s  established through p artia l reinforcement and thus becomes 
esp ec ia lly  resis ta n t to ex tin ction . In order t o  obtain a better  under­
standing o f the establishment o f avoidance behavior and the various possib le  
avoidance gradients, a systematic study ®f the e ffe c t  o f d ifferen t schedules 
o f reinforcement should be made* Perhaps th is  technique can be used to 
determine the answer to a very important questions can an avoidance gradient 
be established  which deviates s ig n ifica n tly  from a negatively accelerated  
function o f distance from shock.
I f  th is  question can be answered in  the affirm ative, then M iller 's  
theory w i l l  have to be modified. The same types o f systematic studies  
should a lso  be performed to determine i f  the schedule of. reinforcement has 
a sim ilar e ffe c t  upon the approach gradient.
. . .  11*
Further work should include systematic manipulation of the le v e l o f
hunger (or other approach drive) at the time of the avoidance training and
testing# Smith' s (I960) study seems to indicate that the strain  of ra t i s
important# Some future studies should attempt to  discover how important
th is  variable rea lly  is#  With s lig h t  modifications seme future studies
could also t e s t  other animals and human children#
The more antecedent conditions the th eortica l constructs can be
related  to the more complete and exact the theory# Nearness i s  defined in
terms o f spatial, distance in  the experimental alley# Perhaps nearness can
also be defined in  terms of distance from the goal, in  time# By inducing
within the animal an expectancy of a shock a fter  a se t in terval o f time and
allowing him to respond only at sp ec ific  points in  time, strength»of*»pull
could be measured a t d ifferen t distances in  time from, the goal# Perhaps
animals other than rats would have to be used#
One further area, o f possib le research would be with the nature of
the motivation# A learned fear drive and an innate hunger drive have been
ch aracter istic . o f  previous stu d ies. Perhaps,, as M iller suggested s
the two gradients can be reversed i f  the avoidance behavior i s  based on
innate cues and the approach behavior on external learned cues#
In order to make the ser ies o f interlocking studies more d irectly
comparablej the apparatuss characteristics o f Ss and other conditions
involved should be held constant and varied system atically only during
experimentation. The resu lts  in  absolute values can not be compared d irect-
ly  to other studies because o f such varied factors as differences in  strain^
age* and weight of animals3 amount of give in  the harnessj distance marker
travels for a given pull-in-gramsj and fr ic tio n  between the cord and the 
pulley .
15
SUMMARY and GONGLUSIONS
Thirty albino rats were used to determine the e ffe c t  of two le v e ls  
of shock upon the slope and height of an empirical avoidance gradient* 
M iller 's theory (1959) was the basis for the two sp ec ific  hypotheses 
tested  and supported^ the Ss score in  pull-in-grams i s  higher at the te s t  
points nearest to the goalj the increased le v e l o f shock ra ises the entire  
avoidance gradient* -With average“pull.-in-grams as the response measure, 
the empirical slope was a negatively accelerated function of distance from 
the goal| for maximum-pull-in-grams, a s lig h tly  S-shaped gradient resulted . 
For average-pull-in-grams the higher shock produced a s ig n ifica n tly  steeper 
gradient. The le v e l  o f shock had no sig n ifica n t e ffe c t  on the slope of 
the gradient for maximum-pull-in-grams* The Friedman anaylsis o f variance 
ind icates that only with' low amounts o f shock i s  there a sign ifican t adap­
tation  e ffe c t . Numerous suggestions were presented for future research.
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fable 1
Analysis o f variance o f two response measures- 
-average pull-in-grams and maximum pull-in-grams
Source (Maximum) df MS F
Between Ss 29
le v e l  of shock (B) 1 li0837*50 5.35
Error (b) 28 7627.29
(Between C ells) (9)
Within Ss 120
Test points (A) h 210*712.25 55.52-iBH*
A x B h 7901.25 1.79
Error (w) 112 10*07.375
Total 1U9
Source (Average) df MS F
Between Ss 29
Level of shock (B) 1 1*3707.735 ll*.li*«-::-
Error (b) 28 3090.662
(Between C ells) (9)
Within Ss 120
Test points (A) k 117568.950 1*6.77-*hh;-
A x B k 13082.160 5o20̂ Hf
Error (w) 112 2513.671
1 Total 1U9
*w#p<.oaL
^"p<o01
*pc*©25
Conservative interpretation
Source (Maximum )
Table 2
Analysis of- variance o f two response measures- 
^average pull-in-grams and maximum p u ll“in-grams 
Three te s t  points
df
Between Ss 29
Level o f shock (B) 1
Errcr (b) 28
(Between C ells) (9)
Within Ss 60
Test points (A) 2
A x. B 2
Error (w) - 96
Total 89
MS 
97760.00
11838.97
180827.900 
6872.900 
659$o$36
F
1*.88
27  . 1*2-sbhs- 
l.Ol*
Source (Average) df
Between Ss
Level of shock (B)
Error (b)
(Between C ells)
Within Ss
Test points (A)
A x B
Error (w)
Total
29r
1
28
(9)
J6_
89
•5HBtp< . 001 
•*Kp< .  01
■?ip <  .029
MS
68?2l*»10
U878.97
129727.10
13993610
1018.1*6
Conservative interpretation
11*. 09-5
30o53?BH
3.30
25- 
T a b l e  3
F r i e d m a n *  s  t w o - w a y  a n a l y s i s  o f  v a r i a n c e  b y  r a n k s  o f  
average  p u U - i n - g r a i a s  a n d  m a x i m u m  p u l l - i n - g r a m s  
f o r  b o t h  t h r e e  a n d  f i v e  t e s t  p o i n t s  
i n  o r d e r  o f  d i s t a n c e  f r o m  g o a l
A v e r a g e d f k  ~  3 k  .  5
Bi 2 1 3 * 3 3 * 3 6 . 3 2 * *
B 2 2 2 3 * U 3 * # W u - 9 9 * *
T o t a l . h 3 6 * o £ * * 8 1 . 51* *
M a x i m u m d f k  ~  3 k  -  5
h
2 1 5 * 1 0 # * 3 6 * 9 7 # *
» 2 2 20o93%® I t l t . 8 9 # #
T o t a l h 3 5 o - 3 2 * * 8 1 , 3 3 * *
■JBSp̂ CoOOl
26
Table it
M e d i a n  t e s t  a n d  M a n n - H h i t n e y  U -test 
o f  a v e r a g e  p u l l - i n - g r a m s  a n d  m a x i m u m  p u l l - i n - g r a m s  
f o r  t w o  l e v e l s  of s h o c k  (30 v o l t  a n d  70 v o l t )
A v e r a g e  T e s t  P o i n t
1 2  3
U 5©$bc- 52** 81 n-ts 15
n2«
x2 3*318*' 3*3U8* .533 d f -  1
Maximum
W 81 85 — n-« 15
n2-  15
x 2  .$ k  ©  —  d f ®  1
**p-e.*G5
*p <Co01
2?
Table f>
Friedman1 s two-way. analysis ©f variance by ranks of  
average pull-in-grams and maximum pull-in-grams 
for both three and fiv e  te s t  points 
in  order restrained
Average df k -- 3 k = 5
2 8,03** 206 l
B2 2 o23 20 2̂
Total 5<>ii0* 5,03
Maximum df k ® 3 k ~ 5
B 2 5*63* 2620
1
B 2 i93 3.6U
2
Total U 5.00* 5.16
**p <.„o5
*p <,10
28
A P P E N D I X
Table 6
A v e r a g e  p u l l - i n - g r a m s  a n d  m a x i m u m  p u l l - i n - g r a m s  a t  e a c h  o f  f i v e  t e s t
p o i n t s  f o r  b o t h  g r o u p  B  ( w e a k - a v o i d a n c e )  a n d  B  ( s t r o n g - a v p i d a n c e )
1 2
nimal Test p o i n t i 2 3 k 5
1 (average) 66 X 12 X X
(maximum.) 75 ' X 60 X X
2 102 105 X X X
i5o 135 X X X
3 225 n i l 12 X X
315 285 U5 X X
h 6o 72 X X X
150 135 X X X
5 102 i|2 18 X X
180 105 75 X X
6 75 33 5U X X
1.80 75 3,20 X X
7 •1.98 33 5ii X 1
300 120 195 X 15
8 39 Ii5 X X X
120 135 X X X
9 63 X 3 X X
150 X 30 X X
10 X 2i| X X X
X 135 X X X
11 Ii5 21 X X X
60 U5 X X X
12 138 12 ' 12 X X
270 90 io5 X X
13 108 108 X X X
165 225 X X'. X
lh 81 9 X X X
i5o 75 X X X
15 . 1 1 3 X X255 195 15 X X
29
Table 6 (cont,)
an±mal Test point 1 2  3 U 5
16 108 111 66 X X
2U0 210 120 X X
17 90 87 63 15 X
165 180 120 U5 X
18 222 189 U8 X X
330 285 225 X X
19 U23 81; 9 15 X
U80 90 60 60 'X
20 li02 216 X 21 3
k95 3U5 X 30 ■15
21 93 h2 12 X X
105 6.0 30 X X
22 321 156 12 3 12
316 270 30 15 30
23 75 129 X X X
165 270 X X X
2k 381; X 21 X X
U.35 X 165 X X
25 117 90 90 X X
180 105 120 X X
26 123 96 3 X X
135 120 15 X X
2? 11U 108 X 6 X
135 135 X 15 X
28 8U 75 39 X X
120 120 75 X X
29 2?0- 5k 18 X X
300 165 30 X X
3© 126 39 X X X
135 90 X X X
30 
T a b l e  7
R a n d o m  o r d e r  i n  w h i c h  a n i m a l s  w e r e  r e s t r a i n e d  a t  e a c h  o f  f i v e  t e s t  p o i n t s
Animal
1 3 h 2 l 5
2 5 2 3 l a
3 1 k 2 3
h 2 5 a 3 i
5 h' 3 1 5 2
6 3 k 1 5 2
7 $ 1 3 2 a
8 2 5 1 3 a
9 h l 3 2 3
10 3 5 2 a l
11 V 2 5 i 3
12 1 3 5 a 2
13 2 3 5 a 1
lit 1 2 U 3 3
A n i m a l
16 2 . * 3 i a
17 3 2 £ a i
18 1 2 3 $ a
19 a 1 s 3 2
20 a 5 1 2 3
21 3 a 2 5 1-
22 5 3 2 l a
23 2 5 1 a 3
2a 3 a 1 3 2
2$ l 3 a 3 2
26 2 1 a 3 5
27 3 a 3 2 1
28 a 3 2 1 5
29 3 i a 2 $
